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(SCP) minimize $c^{T}x$






$c$ $A$ $m\cross n$ {0, 1} $e=(1, \cdots, 1)^{T}$ .
$\mathrm{G}\mathrm{a}\mathrm{l}\mathrm{v}\tilde{\mathrm{a}}0$, Espejo, and Boffey [4]
(MCLP) maximize $f^{T}x$
subject to $y^{T}A-x\geq 0$ ,
$y^{T}e=p$ ,









subject to $Ax\geq b$ , $x\in S$,
$A$ $m\cross n$ $b,$ $c$ $S=\{x\geq 0|S\subset$
$\mathbb{Z}_{+}^{n},$ $Gx\leq h$ }, $G$ $k\cross n$ $h1\mathrm{h}k\cross 1$
(P) (Lagrangian relaxation) $\lambda\geq 0$
$(P_{\lambda})$ minimiz$\mathrm{e}$ $c^{T}x+\lambda^{T}(b-Ax)$
subject to $x\in S$,
60
(Lagrangian dual) t
$(D_{L})$ $\max_{\lambda\geq 0}\{v(P_{\lambda})\}$ .
(P) (surrogate constraint relaxation) [ $\mu\geq 0$ [
$(P^{\mu})$ minimize $c^{T}x$
subject to $\mu^{T}$ (b-Ax) $\leq 0$ , $x\in S$.
(surrogate dual)
$(D_{S})$ $\max_{\mu\geq 0}\{v(P^{\mu})\}$ .
$v(Ds)$ (cf. [18])
Step 0: $karrow 1,$ $\alpha^{0}arrow-\infty$ $\mu^{1}\geq 0$
Step 1( ) : $(P^{\mu k})$ $x^{k}$ $Ax^{k}\geq b$ $x^{k}$
(P) $c^{T}x^{k}=v(D_{S})=v(P)$
Step 2( ) : $c^{T}x^{k}>\alpha^{k-1}$ \mbox{\boldmath $\alpha$}k\leftarrow cTxk $\alpha^{k}arrow\alpha^{k-1}$
Step 3($\mu$ ) : $x^{k}$ $X$ ( $x^{k}$ ) $\subset T$
minimize $\epsilon$
subject to $\epsilon\leq\mu^{T}(b-Ax),$ $x\in X$
$\mu\geq 0$
$e^{T}\mu\leq 1$
$(\mu^{k+1}, \epsilon^{k+1})$ $\epsilon^{k+1}=0$ $v(D_{S})=\alpha^{k}$
$karrow k+1$ Step 1^
61
$v(P^{\lambda})$ $=\Delta$ $v(\begin{array}{lllll}\min c^{T}x \mathrm{s}\mathrm{u}\mathrm{b} \mathrm{t}\mathrm{o} \lambda^{T}(b-Ax) \leq 0 x\in S\end{array})$
$\geq$ $v(\begin{array}{lll}\min c^{T}x+\lambda^{T}(b-Ax)\mathrm{s}\mathrm{u}\mathrm{b} \mathrm{t}\mathrm{o} \lambda^{T}(b-Ax)\leq 0,x\in S\end{array})$
$\geq$ $v(\begin{array}{lll}\min c^{T}x+\lambda^{T}(b-Ax)\mathrm{s}\mathrm{u}\mathrm{b} \mathrm{t}\mathrm{o} x\in S\end{array})$
$=\Delta$
$v(P_{\lambda})$
$v(D_{L})= \sup_{\lambda\geq 0}v(\Delta P_{\lambda})\leq\sup_{\mu\geq 0}v(P^{\mu})\Delta=v(D_{S})$
$v(D_{L})\leq v(Ds)\leq v(P)$
(Greenberg and Pierskalla [7])
.
(P) maximize $x_{1}+2x_{2}$
subject to $3x_{1}+2x_{2}\leq 9$ ,
$x_{1}+4x_{2}\leq 8$ ,
$0\leq x_{1},$ $x_{2}\leq 5$ , $x_{1},$ $x_{2}\in \mathbb{Z}_{+}^{2}$ .
: $x^{*}=\{(0,2)^{T}, (2,1)^{T}\},$ $v(P)=4$,
: $x_{S}^{*}=\{(1,2)^{T}, (3,1)^{T}, (5,0)^{T}\},$ $v(P^{\mu})=5$ ,
: $x_{\lambda}^{*}=$ { $S$ }, $v(P\lambda)=5$ .
Ram and Karwan [19]





subject to $Ax\geq b$ , $x\in\overline{S}$ ,
$\overline{S}=$ { $x\in \mathbb{R}_{+}^{n}|Gx\leq h$ } $\overline{x}$
1 $\overline{x}\not\in bdry\overline{S}$ (P) (Ds)
$v(D_{S})<v(P)$ (2.1)
$C=$ { $x|c^{T}\overline{x}\leq c^{T}x<c^{T}x^{*}$ , x\in S}\neq \phi
[ ] $(\overline{P})$ Kuhn-Tucker
$c-A^{T}\overline{\mu}=0$,
$\overline{\mu}\geq 0$ , $A\overline{x}\geq b$ $\overline{\mu}^{T}(b-A\overline{x})=0$ .
$c^{T}\overline{x}=\overline{\mu}^{T}A\overline{x}=\overline{\mu}^{T}b$,
$(D_{\overline{S}})$ $\mu\neq k\overline{\mu},$ $k>0$ $x\in\{x|\mu^{T}(b-Ax)=0\}$ $\mu^{T}A$
$\overline{\mu}^{T}A$










subject to $c^{T}\overline{x}-c^{T}x\leq 0$ , $x\in S$,
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$C\neq\phi$ $x$ $(D_{S})$ $c^{T}x<c^{T}x^{*}$
$(D_{S})$ $c^{T}x<\mathrm{c}^{T}x^{*}$ $C\neq\phi$
$\blacksquare$
1 $\overline{x}\in bdry\overline{S}$ $D=\{x|c^{T}\overline{x}\leq$
$c^{T}x<c^{T}x^{*},$ $\mu^{T}(b-Ax)\leq 0,$ $\mu\geq 0,$ $\mu\neq 0$ , x\in S}\neq \phi
2 (P) $(D_{L})$
$v(D_{L})<v(P)$ (2.2)
$\overline{x}$ $-\mathrm{p}$ (integmlity property)
)
[$\text{ }$ Bfl] Geoffrion [5] $\mathrm{X}1\mathrm{h}$ Nemhauser and Wolsey [17] $\sigma)_{\text{ }}$
$v(D_{L})= \min\{c^{T}x|Ax\geq b, x\in \mathrm{c}\mathrm{o}\mathrm{n}\mathrm{v} S\}$ (2.3)
$(\overline{P})$ $\overline{x}\not\in \mathrm{b}\mathrm{d}\mathrm{r}\mathrm{y}\overline{S}$ $(\overline{P})$ Kuhn-Tucker
$c-A^{T}\overline{\lambda}=0$ ,
$\overline{\lambda}$ $v(D_{L})=v(P_{\overline{\lambda}})=\overline{\lambda}^{T}b$ $x$





{ $c-A^{T}\lambda(x_{\lambda}^{*})|x_{\lambda}^{*}\in \mathrm{b}\mathrm{d}\mathrm{r}\mathrm{y}$ $\overline{S}$ is asolution of $(P_{\lambda})$ }
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[21] Theorem 612 $\xi$ , $\xi \mathrm{C}N\ovalbox{\tt\small REJECT}(x\ovalbox{\tt\small REJECT}$ $x\ovalbox{\tt\small REJECT}$
$\lambda(x\ovalbox{\tt\small REJECT})$ $(D_{L})$
$\blacksquare$
3 $\overline{x}\not\in bdry\overline{S}$ $(D_{S})$ $(D_{L})$
$v(D_{L})<v(D_{S})$ (2.4)
$H=\{x|cx=c\overline{x}\}$ $S$
[ ] $v(D_{L})$ (2.3) $\overline{x}$ $v(D_{L})=c^{T}\overline{x}$





subject to $Ax\geq b$ , $x\in T$,
$T$
$T$ $=$ $\{x\geq 0|x_{i}\in \mathbb{Z}_{+},$ $i\in I_{Z}$ , $x_{j}\in \mathbb{R}_{+},$ $j\in I_{R;}$
$Iz$ $I_{R}$ , $Gx\leq h$ $T$ }.
$I_{Z}\cup IR=$ { $1,$ $\ldots$ , n}
$(P^{M})$ (Lagrangian relaxation) $\lambda\geq 0$ [
$(P_{\lambda}^{M})$ minimiz$\mathrm{e}$ $c^{T}x+\lambda^{T}(b-Ax)$
subject to $x\in T$,
(Lagrangian dual) 12
$(D_{L}^{M})$ $\max_{\lambda\geq 0}\{v(P_{\lambda}^{M})\}$ .
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$(P^{M})[]_{\llcorner}^{\vee}\ovalbox{\tt\small REJECT} T$ $\mathrm{f}\mathrm{f}\mathrm{E}\#\mathrm{J},\#\backslash$]$\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{l}$ (surrogate constraint relaxation) $\#\mathrm{J}\mu\geq 0[]\subset*_{\backslash }\}$
$(P^{M^{\mu}})$ minimize $c^{T}x$





subject to $Ax\geq b$ , $x\in\overline{T}$ ,
$\overline{T}=$ { $x\in \mathbb{R}_{+}^{n}|Gx\leq h$ }
$\overline{x}$
1 $X$ $K$ $V$
$H$ $V$ $K$
[ ] Hahn-Banach 1
4 $\overline{x}\not\in bdry\overline{T}$ $ck\neq 0$ k\in I
$(P^{M})$ $(D_{S}^{M})$
$v(D_{S}^{M})<v(P^{M})$ (3.1)
$\overline{x}\not\in T$ $c_{k}=0,$ $\forall k\in I_{R}$ $C_{M}=$
$\{x|c^{T}\overline{x}\leq c^{T}x<c^{T}x_{M}^{*}, x\in T\}\neq\phi$ [
[ ] x\mbox{\boldmath $\zeta$}* $\mu=\overline{\mu}_{\text{ }}c^{T}=\overline{\mu}^{T}A$ 1
$(D_{S}^{M})$
$(P_{S}^{M})$ mi$\mathrm{n}$imiz$\mathrm{e}$ $c^{T}x$
subject to $c^{T}\overline{x}-c^{T}x\leq 0$ ,
$x\in T$,
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$c_{k}\neq 0,$ $k\in I_{R}$ $\overline{x}\not\in T$ 1 $H=\{x|c^{T}x=c^{T}\overline{x}\}$
$V=\{x|x_{k}=x, x_{l}=x_{M}^{*}, k\neq l\}$ $c^{T}x_{S}^{M^{*}}=c^{T}\overline{x}$
bdry $\overline{T}$ $V$ $c^{T}\overline{x}\leq c^{T}x_{S}^{M^{*}}\leq c^{T}\tilde{x}^{M}<c^{T}x_{M}^{*}$ $\tilde{x}^{M}\in T$ \leq





$v(P_{\lambda}^{M})$ $=$ $v(\begin{array}{ll}\min c^{T}x+\lambda^{T}(b-Ax)\mathrm{s}\mathrm{u}\mathrm{b}. \mathrm{t}\mathrm{o} Tx\in \mathrm{c}\mathrm{o}\mathrm{n}\mathrm{v}\end{array})$









2 (P) $\{x|Ax\geq b, x\geq 0\}$ $A,$ $b$
$b$
$A$
(totally unimodular matrix) .
(totally unimodular matrix) : $A$ $/[]\mathrm{a}$ i $\pm 1$ \supset
0
67
$b$ $A,$ $b,$ $c$
(totally dual integer) : $\{x|Ax\geq b, x\geq 0\}$ (D)
$c$ $y$
$A,$ $b$
M. Conforti, G. Cornu\’ejols, and $\mathrm{M}.\mathrm{R}$ . Rao (1999)






$\exists c_{k}\neq 0,$ $k\in I_{R}$ $\mathrm{P}$
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